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Abstract

BACKGROUND: This study was aimed to determine
characteristics of residues of the soil-treated boscalid and
pyraclostrobin within Hylomecon vernalis and to evaluate
the risks from intake of the residual pesticides in the crop.
METHODS AND RESULTS: The pesticides were treated
to soils at two different concentrations, and the plant sam-
ples were collected 57 days after seeding. The samples
were extracted using the QuUEChERS extraction kit
(MgS044 g, NaCl 1 g). The quantitative methods for bo-
scalid and pyraclostrobin were validated using linearity,
recovery, and CV (coefficient of variation). Risk assess-
ment of the pesticides was performed using Korea na-
tional nutrition statistics 2019.

CONCLUSION(S): The residual levels of boscalid were
0.02-0.05 mg/kg (for the treatment at 6 Kg/10a) and
0.05-0.08 mg/kg (for the treatment at 12 Kg/10a),
respectively. The residual concentrations of pyraclos-
trobin were below the LOQ. The amounts of pesticides
were less than Maximum Residue Limits specified by the
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Korean Ministry of Food and Drug Safety. The maximum
hazard indices of boscalid in chwinamul and amaranth for
consumers were 0.0075% and 0.1525%, respectively, and
it indicates that the risk of the pesticides from the crop is
considered to be low.

Key words: Boscalid, Hylomecon vernalis, Pyraclostrobin,
Residue, Risk assessment,
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2zl AREEE FeAlEo] WA ool SEHA| ok ok
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Ashs Amoln F2 AEA AAE sy U &
HIETHI. vzl &+, 895 59 71sAe] ekl
sanguinarines X3¢ theFeh o] G Eo|E Aol
o] oFgAER o8 & SItH10]. ZEu dukEo]
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I AR woF FES BAZE ISR AERY 1.05
(0.8+2.25)% SIAI(AH®@EH A, H¥)E AAste] Aazst
Aok AR 128 24 9 35& Aele boscalid
(1,000 pL/mL, Kemidas), Pyraclostrobin (99.9%, BASF)
2l BF 500-3(99.9%, BASF) ¥5%<5 Tl AREal3ith
A 2Al 7181 acetonitrile (HPLC grade)= Merckell
A 18I 11, Aok formic acid %! QUEChERS Extraction
Kit= 717} Fluka Co. 4 Chiral Technology Korea A%
= ARSI

A

ARG A E S A 23S s, )
(A Apiskalch. 2EAHA wazee. vk
ZAERR1.05 (0.8+0.25)% YAl AlET+= 715 2wl
AT (34H) gl AT (1) 0% W 10 m*o%
TEE ol oA Aele dve 44 A VIEE 6
kg/10 a b Wi 12 kg/10 a Vo] Eokel| 124 ¥l

T HrFoR o] Aol=F siith

HoF AT gols 93k A7 AFE oA Ay 7Y F 7
A7 1 kg ol AFEIAT 13]8 vd7e 713 AlgE
A § A7 AlE7} AlolA] $EF Polyethylene(P.E)
film bagell Yol 3 A= o]Fsisich
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APt Mg Edlojoto] AE F7beto] homogenizerE ©]
g3to] wAgstal, HAE A5 HHE AIRE Ure]
A717kgRt 20 Colstolld Wer sty Al ok A
A9 APE $15k] boscalid, pyraclostrobin 2 BF
500-39 #F FNE 05 mg/kg FEOE FAE AR 10
goll 38k Agjste] £AA R} FdeH Yerd sl

T s
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Boscalid, pyraclostrobin % BF 500-32] #upzol|x] %t
T S flet] AR 471712 HPLC-MS/MS
(Shimadzu LCMS-9045 with Nexera X2, Japan)E AHE-
3I3It}. Boscalid, pyraclostrobin %! BF 500-39] #4ofl=
Phenomenex Kinetex C18 (2.1 x 100 mm, 2.6 um)= 0.1%
9] formic acids X35t B3} oHEYER S o] 50 F A}
33lth. MS/MS+= ESI o3} WA © % positive mode®ll
A Al oM FAIFRL W4 %718 Table 13} k.

Table 1. Analytical condition of HPLC-MSMS for quantitative
analysis of boscalid and pyraclostrobin

Pesticides Boscalid ~ Pyraclostrobin ~ BF500-3

Instrument Shimadzu LCMS-8045 with UHPLC Nexera X2
Column  Phenomenex Kinetex C18(2.1 x 100 mm, 2.6 #m)

Flow rate 0.2 mL/min
A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile
Time(min) A(%) B(%)
0.0 80 20
Mobile 2.0 80 20
phase 3.0 10 90
5.0 10 90
6.0 80 20
7.0 80 20
Re:ie;t;‘m 45 min 48 min 48 min
Injection
Vlolurrcl)e 2 pL
Quantifier 343.0/139.95 388.1/194.05 358.1/132.10
(CE?) (-16) (-12) (-26)
Qualifier 343.0/307.00  388.1/116  358.1/164.05
(CE?) (-19) (-23) (-13)

% CE : Collision energy
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ratio (S/N)7} 10 oVds HA HEFOR o AE5A
(), 7171 FUHL), 48] HFHFI(mL) % 34
TE A8t A=l

HF 589 2AE 918 primary stock solution-
boscalid ] 7% 1,000 pg/mLOE FAEo] AF o= Fl
HE EF49(Kemidas, Korea)S Twisle] AR,
Pyraclostrobin 35%(99.9%)¥ BF 500-3 35%(99.9%)
< 717} 0.02 g& =5to] volumatric flaskel] Y1l oM E
YEZ 20 mLell §3ll5t] 1,000 pg/mL stock solutions
ZA313Iek. Boscalid, pyraclostrobin %! BF500-39] %
SN2 747 opEYE- R B4sle] 0.01, 0.02, 0.1, 1, 5
pg/mL2] FER AT olg) o] A3 HFLENS
g A AE 500 plell FE7F 247 0.005, 0.01,
0.05, 0.1, 0.5 pg/mL7} ¥ %% 500 uL# d71519] matrix
matched ¥#89& w3l LC-MS/MSel| 2 pLg F413t
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HFE5E 01 2 05 mg/kgol HEZ Aste] 3ukE A
& TR vk AlRelA YR ARPAAAY
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boscalid, pyraclostrobin %! BF500-3<> 160 &<t K3t
T 35E A FYs Yo E FEdte] AR Bt 21

oA AIE soke] M-S ERlasith
SjE AIY, AR B dApEE AFT HEY A
/3 boscalid, pyraclostrobin ¥ BF500-3°] FE2>
QuEChERS & ©]83I31tH5]. Centrifuge tube (50 mL)

o #A3ket MU AR 10 g (20.01 g)2 FH3}o] 10 mL o}
AEHE-RS 71t § 138 1F Zsbl A% F=30ith de&
Ae] & ofo|ubie] 356 tubed 222 AJEIE MgSO4 4
g7 NaCl 1 g= F7Ist0] 334 219 5, 4,000 rpmellA] 5
2F A2 FEEeich 3% 0.5 mLe oIEUER 05 mL
Aol o] o1& 2 uLE LCMS/MSell 39810 52k Av-g w4
s3Itk LC-MS/MS®] chromatogram’d®] peak area®s 919
A olgslo] ok I s ARtk s
o] “sok Rl Ao ARl wE dhAlE Edshe
pyraclostrobin®] & #HF FEE pyraclostrobin®] TRt
=1 BF500-3 7ol ShAlE 53 ahe tfel] Hehieick

flsid "ot

e T T R ki Ee =i b ko A IR e st e B o B e
9] “2019d FNYPSFA"E Faste] A=Y vleHES
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A, AP AT Kgd AHAF Hlolel & ol &sision dd
1% 3-8 Acceptabole Daily Intake, ADI)< &E%15-
d rFORPAYEAIAR S Husiglan dd A FEH
(Estimated Daily Intake) ¥ 91314 %7} %321 hazard
index= ofg el A& o]gslo] A=ETH1, 2).

EDI(mg/ Kgbw - day) =
AZF kg3 3% AUE 2 0B HAZ g/ Kgbw - day) (1)
x 5 0F0) 25t (mg/ Kg) + 1000

EDI(mg/ Kgbw - day)

= X
HI(%) ADI(mg/ Kgbw - day) 100 (2)
Zo o o
SEEETS
Matrix

matched T8 A 3729 AHAG(A)
T 099 oo =2 HAXAHE FISIIY. Boscalid,

Table 2. Method validation of the pesticides in forest poppy (linearity of calibration curves, recovery, storage stability)

.. Calibration equation Fortification level Recovery (%)

Pesticide y” = ) s b) 7 (mg/Kg) 1 2 : 3 v ()

0.1 92.6 90.5 87.5 2.8

Boscalid y ~ 7&32166775;;91%63" 0.9998 0.5 92.0 96.0 95.2 22

T 0.5 89.2 97.3 89.7 49

0.1 94.9 93.9 92.9 1.1

Pyraclostrobin y =+322é16412£5i£52114x 0.9998 0.5 97.5 94.4 97.8 1.9

T 0.5 9.5 92.2 93.5 0.7

0.1 95.6 97.7 94.3 1.8

BF500-3 y :+2fé%766126097571(;04" 0.9997 0.5 91.1 935 94.8 2.0

T 0.5 90.5 93.5 90.8 18

% Peak area in MS/MS spectrum,  Residue of pesticides in forest poppy (ng),
9 Storage stability test (after 160 days), @ Coefficient of variation
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AW A% 7159 358 70~110% 2 HolAF 20% oSl
ok AIHEA L] AR A3AR= 20T o]kl 160

3 3|480] 89.2~97.30.%, B} F oko] K
= e Aoz xSt Table 2).

Boscalid 2! pyraclostrobin?| EQF x{2|A| Zt5 EM

kg TAAELE A zelA 3e~59e] s}
oM AV U 2ok Al e it 72 7.0~36.1C
o] H1 FE W HA FEE 45.1~784%Ack 2 7]
FxdelM A vuE 570A|19 Bt FAIE 91.5+10.6 g
olith. AldAERANAM JubzEe] AIFeRAE ATt
T AFE A=A boscalid 9] S 715=2elA Fol 0.05
mg/kg, FelA F ol 0.08 mg/kgel3lal, pyraclostrobin®]
7% A 013H0.01 mg/kg) o2 78ISt Table 4).
=Ule|A] IUE 5 boscalid 9} pyraclostrobin®] 3t 318
712 AAAEA kAl boscalid®]  AHRE €7
(MRLs) 3L, 3 514 0.05 mg/kg, A4AFIA 30
mg/kgE A= 3l3, pyraclostrobin®] Hid]-87]E2
S, vhoht 5olA 0.02 mg/kg, EMIOIA 30 mg/kg
o7 AR Fakwel 7 ¥ woRs dntHor A
7 A AFsY AdE AAsks o 2 T AA
s, WY, mepA T3 2 okgAES VI W #
e Pl Ax S AR ARsedRe] s5E

Table 3. Residual characteristics of boscalid and pyradostrobin

Pesticide Boscalid Pyraclostrobin®
Replicate 1 2 3 1 2 3
Control <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Standard treat o5 0> 002 <0.02 <0.02 <0.02
(6 kg/a)
Double treat
(12 kg/a) 0.05 0.08 0.06 <0.02 <0.02 <0.02

? Total amount of pyraclostrobin =
amout of pyraclostrobin + (BF500-3x1.08")
 Molecular weight of pyraclostrobin(387.8)/molecular
weight of BF500-3(357.8)

Table 4. Hazard index (%) of boscalid via the dietary intake

7} 9ATH13, 14].

Zhang@} Cheni= ®7]9} E4elA boscalid?] T+ &
A3 7S T wlold I A A1) 2N A
3tH11]. 2 A3 boscalid?] BH7|E= 7o)X 242} 4.9
A3t 649, EFIN 242 6,107} 8.0UZ =T B,
A Aefgt D(Anethum graveolens L.)°IA] boscalid 9}
pyraclostrobing %] AEst & BT ZEoA 2 Ay
EAS A7 A3 wEW, boscalid® B WHI|=
1.91-2.01%, pyracostrbin®] £} RH17|= 1.62-1.73%4°]81
tH15]. & AlgelM= AddTelA gl 7 shhEe) vt
W71 31 7131 579§ Festo] EAEl o R R, o
FEe] ok Aol EallEo] FubmelA e AFFo] v
ZAow F2 7 Stk Tk soF AR W AE
9, Al 873 2 ndE A EeE ¥l
oal WstE, A ASAel dFE T 2 A
ARE-SE kA2 boscalid 9} pyraclostrobin®] 717} 0.8%
9} 2.25% % EZHE = YAIE AHESto] pyraclostrobin
o] AA| Axreo] boscalid Bt oF 3ul o] =t} IRlol| =
boscalid 9] 7H7%©] pyraclostrobink.t} & A= F 5}
g0 3 Ul sk 549 Apol2 AEA Wl welE et
gt AR Aolg Hel Ao®E 4 4 gl

ol gt A9} t]E], Boscalid 9} pyraclostrobin]
E¢ T wHlel B3 542 B A1 e F2
55 YERE Koc (Soil organic carbon absorption
coefficient) & Z743to] dl4E 4= SltH16]. Boscalid®] 73
G ABATeIA 670 HER EF TolA ot olsA
(slightly mobile)= Z= HHH, pyraclostrobin®] Koci=
9304% ESF F o|Fdo] gtKnon-mobile)[11, 15]. =,
pyraclostrobin £ A2] A oA ow EeF Akl A
Sl Fkete] ESF T olsAdo] vtol AER | F5 o3
ol F3] A%l Zow oident

I|L}E & boscalid L pyraclostrobin?| $|5HAd T}

Boscalid 9} pyraclostrobin®] U941 5]-8-%Hacceptable
daily intake, ADI)= 717} 0.04 mg/kgb.w./day, 0.03
mg/kg -b.w./day® A= |G TH17]. Pyraclostrobine
71556 kg/10 a)¥} 715%9] w12 kg/10 a) $EE E
& Aalgle W sk IR JFIA ©18K0.01 mg/kg)

Age
Crops Gender
Total 6~11 12~18 19~29 30~49 50~64 >65
. Both 0.14 0.0045 0.0030 0.003 0.003 0.0075 0.0068
Chwinamul Male 0.17 0.005 ND? 0.006 0.004 0.009 0.011
(Aster scaber)
Female 0.10 0.011 0.005 0.004 0.006 0.016 0.016
. Both 0.05 0.015 0.0015 ND* 0.0105 0.0405 ND*
Amaranth Male 0.025 0.0025 ND? 0.0175 0.0675 0.275 ND?
(Amaranthus tricolor)
Female 0.075 0.035 ND? 0.0125 0.0150 0.1425 ND*

d No data
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Folu, boscalid®] 734 715 9 owlRE Aol A
go] Z}7b 0.02 mg/kg- 0.05 mg/kg L 0.05 mg/kg-
0.08 mg/kg® AwFe] T Fofo] HEE Zlo] gRluqltt
(Table 3). a2 = AFZ SA7F lol duE3h /At
3 Feld 53& 7 Fvk(chwinamul) 2} HIEHE(amaranth)
O] HF % vlolBlE nhgo® o3 5]-8-Hestimated daily
intake, EDI)E 7iFete] 2ol 2H53t boscalid 9] ¢33
< HIZ Yehfsith vz} vigu=2l A43% $A7F 2
B a3y} Aol boscalid®] HIx= AFFl 7H %
S AT 0.1% ©l8t2 IUE AF Al boscalid =3
Qe flsidol v v Aow dddt 5 Qlel17].
4719 A7 AvE FEeh, dus Al Al AR
AHE- 7155t boscalid B! pyraclostrobin®] EF 2] I
U= W 5ok 37 54 AES A, boscalid®] #H i
©] 0.08 mg/kg<l Zlel vlal| pyraclostrobin®| ZH7&> %
$HA| wiRto] itk o]9} 2 Aol 7 SES BEY T
719k Kol zteloA 7]Q1gk Aoz f3Hr) =0,
Hrko] 2Rl¥ boscalid 2] 7--oll'= FEIeH] S4d0] frA}
H FukE B HEuEe] ol AFEe ARl flalide
Tato] Ty AF Al ekl gt flsiAe] was gl

(T ol

rol e

2

o
9% A B3 ARHENE AAS AT AL B
84 % 9k
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